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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a beam scanning 
apparatus, more specifically, to a laser beam scanning 
apparatus in which, for example, a scanning surface ar- 
ranged with elements for recording image is scanned 
with light beam emitted from a laser and information for 
the applied position of the laser beam on the scanning 
surface is precisely detected when recording image in- 
formation, and thereby realizing the scanning on the 
scanning surface with high precision. 

Heretofore, there have been proposed various laser 
scanning apparatus in which laser beam is deflected by 
galvanometer or the like so as to be directed to a scan- 
ning surface on which elements for image recording are 
arranged, and image information such as characters or 
pictures, etc is recorded. This type of the apparatus is 
widely used for such apparatuses as a liquid crystal dis- 
play, a laser marker and a laser trimmer that can write 
image information on the liquid crystal, metal plate or the 
like. 

DE-A-37 22 065 discloses a beam scanning appa- 
ratus comprising optical deflecting means for deflecting 
a light beam so as to guide it to a predetermined surface 
and scanning means for changing at least one of a de- 
flecting angle and a deflecting position of said optical de- 
flecting means so that the light beam is two-dimensiorv 
ally scanned on said predetermined surface. 

From US-A-4 629 339 is known a photographic sys- 
tem for accurately reproducing encoded information onto 
a recording medium. This system includes an image/light 
source, a feedback sensor, a lens assembly, a controller, 
a recording medium assembly and a reading sensor, 
whereby encoded information is decomposed into sec- 
tions, adjusted, and transmitted such that the sections is 
correctly aligned and smoothly joint into a final repro- 
duced image. 

Figure 1 schematically shows the main components 
of a galvanometer used as a deflector in conventional 
laser beam scanners to control the deflection of a laser 
beam. 

In Figure 1 , the reference numeral 8 indicates a mir- 
ror fixed to a rotation shaft 9. An electric motor 10 rotates 
the shaft 9 at a constant speed. A spring 11, used to 
cause a rotating force in the reverse direction to the ro- 
tational direction of the shaft 9, is attached at one end to 
the shaft 9 and at the other end to the case 1 3. 

A capacitance sensor 1 2, attached to the shaft 9 at 
its part to obtain information for the rotation of the shaft 
9, detects the rotational angle of the shaft 

In Figure 1, light beam incident on the mirror 8 from 
a laser (not shown) is deflected by oscillating the mirror 
8 so as to scan the scanning surface. At this time, the 
rotation angle of the mirror is detected by the capaci- 
tance sensor 1 2 so as to control to drive the rotating state 
of the electric motor 10, and thus control the scanning 



state of the scanning surface. 

In the conventional laser scanner 6hown in Figure 
1, however, there are arisen following problems if scan- 
ning is attempted by rapid deflection of the laser beam. 

5 

(a) Rapid acceleration or deceleration causes a dis- 
tortion of the rotation shaft. As a result, there would 
be occurred a error between the rotation angle of the 
mirror and the rotation angle to be detected by the 

w capacitance. Accordingly, it is hard to obtain accu- 
rate positional information of the applied position of 
the laser beam on the scanning surface. 

(b) If an attempt is made to lessen the moment of 
is inertia of the rotating part6 so as to improve the 

response characteristic, limitation will have to be 
imposed when attaching the capacitance sensor. 

SUMMARY OF THE INVENTION 

20 

In view of the above drawbacks in the conventional 
apparatus, an object of the present invention is to provide 
a light beam scanning apparatus capable of more accu- 
rately controlling the state of the applied position of light 
25 beam on a scanning surface and to an image information 
writing apparatus employing such the scanning appara- 
tus. 

This object is achieved by a beam scanning appa- 
ratus having the features of claim 1 . The invention is f ur- 
30 ther developed by the features mentioned in the sub- 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 Figure 1 is a schematic diagram of a conventional 
optical deflector. 

Figure 2 is a schematic diagram illustrating main 
parts of an image information writing apparatus accord- 
ing to the first embodiment of the present invention. 

40 Figure 3 is a schematic diagram illustrating main 
parts of an image information writing apparatus accord- 
ing to the second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
45 EMBODIMENTS 

A laser scanning apparatus explained below as an 
example of the present invention functions as follows. In 
a laser scanning apparatus, light beam from a light 

so source is reflected by at least one beam deflecting 
means and is directed to a scanning surface. And a beam 
splitter is placed between the beam deflecting means 
and the scanning surface, in the scanning, and by the 
beam splitter a part of the liflht beam from the beam de- 

ss fleeting means is perpendicularly splitted to an optical 
path from the deflecting means when the deflecting 
means is in the reference state. One of these beams is 
guided to an optical detection means to control the de- 
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fleeting angle of the deflecting means by control means 
by the use of the output from the optical detection means. 

Figure 2 outlines the main components of one em- 
bodiment according to the present invention. 

In this figure, the reference numeral 1 denotes a la- 
ser oscillator and the numeral 2 represents the laser 
beam. A x-axis beam scanning mechanism 3 can be driv- 
en by an electric motor (such as a servo motor or galva- 
nometer) with a plane mirror 3a fixed at one end. By os- 
cillating or rotating this mirror 3a (in this embodiment by 
rotating the mirror around its supporting shaft), laser 
beam 2 is reflected and deflected to scan on a scanning 
surface 6 described later in the X direction. A Y-axis 
beam scanning mechanism 4 can be driven by an elec- 
tric motor (such as a servo motor or galvanometer in this 
embodiment) as a driving means with a plane mirror 4a 
fixed at one end. By oscillating or rotating this mirror 4a 
(by rotating the mirror 4a around its supporting shaft in 
this embodiment), the laser beam 2 deflected by the 
Y-axis beam scanning mechanism 4 is reflected and de- 
flected to scan on the scanning surface 6 described later 
in the Y direction. 

The reference numeral 5 denotes a beam splitter 
comprising a half-mirror. It splits the laser beam deflect- 
ed by the mirror 4a of the Y-axis optical scanning mech- 
anism 4 into two beams, the transmitted beam 2a and 
the reflected beam 2b. The scanning surface 6 is the ob- 
ject scanned by laser beam 2a to write image information 
thereon. This embodiment employs a high-polymer liq- 
uid crystal capable of thermally writing. An optical detect- 
ing means 7 comprising a two-dimensional CCD area 
sensor detects information of applied position of the laser 
beam 2b reflected by the beam splitter 5. Thus, the in- 
formation of applied position of the laser beam on the 
object can be obtained by detecting the light beam from 
the mirrors 3a and 4a, so that more accurate control for 
the applied position is realized. 

In the present embodiment, the beam splitter 5 is set 
so that laser beam 2b is split perpendicularly to the op- 
tical path of laser beam 2a coming from the mirror 4a 
when the mirror surface 3a of the X-axis beam scanning 
mechanism 3 and the mirror surface 4a of the Y-axis 
beam scanning mechanism 4 are in the standard state 
(for example, when the point of incidence of laser beam 
2 is set at the center 6a of the scanning surface 6). In 
other words, when the two split laser beams, 2a and 2b, 
are in the standard state, they are set to be perpendicular 
each other. 

Further, the scanning distance of laser beam 2a on 
the scanning surface 6 and the scanning distance of la- 
ser beam 2b on the surface of the optical detecting 
means 7 are set so as to have similar relationship. In 
other words, if the optical detecting means 7 is placed in 
an equivalent position on the transmission beam path 
from the beam splitter 5, the light receiving surface of the 
optical detecting means 7 would be parallel to the scan- 
ning surface 6 (or the incident angle of the scanning light 
beam on the light receiving surface of the detecting 



means is always same as that on the scanning surface 
6). The scanning beam is thus detected actually, so that 
bath an error and information for the optical scanning 
mechanism to be controlled can be found by just one 
s area sensor. 

A deviation outputting part 21 calculates the devia- 
tion between the signal output from the optical detecting 
means 7 and the target value signal input from the out- 
side, and sends this deviation signal to a controlling part 
22. The controlling part 22 causes a driving part 23 to be 
driven on the basis of the signal from the deviation out- 
putting part 21 . Based on the signal from the controlling 
part 22, the driving part 23 adjusts the rotations of the 
mirror 3a of the X-axis optical scanning mechanism 3 
and the mirror 4b of the Y-axis optical scanning mecha- 
nism 4, and controls the applied position of the laser 
beam 2a on the scanning surface 6. 

In the above configuration of this embodiment, the 
laser beam oscillated from the oscillator 1 is reflected 
and deflected by the mirror 3a of the X-axis beam scan- 
ning mechanism 3 and the mirror 4a of the Y-axis beam 
scanning mechanism 4, and is scanned on both the 
scanning surface 6 and the surface of the beam detect- 
ing means 7 through the beam splitter 5. 

The positional relationship between the scanning 
surface 6 and the surface of the beam detecting means 
7 is established beforehand. Hence, by detection of the 
point of incidence of the laser beam 2b on the surface of 
the beam detecting means 7 t the applied position (scan- 
ning position) of laser beam 2a on the scanning surface 
6 can be obtained with high accuracy. Then, the devia- 
tion between the 6ignal output from the beam detecting 
means 7 and the target value signal input from the out- 
side is obtained by the deviation outputting part 21 which 
sends the deviation signal to the controlling part 22. 

Then, the controlling part 22 controls the driving part 
23 in compliance with the deviation signal from the de- 
viation outputting part 21. From this, the driving part 23 
causes the X-axis beam scanning mechanism 3 and the 
Y-axis beam scanning mechanism 4 to be driven, and 
thereby controlling the applied position of laser beam 2a 
on the scanning surface 6. 

In the present embodiment, instead of using an elec- 
trical motor to make the X-axis and Y-axis beam scan- 
ning mechanisms rotate the mirrors, another drive 
means can be used, such as a piezo-electric element. 
Such embodiment is illustrated in Figure 3. The number- 
ing of the parts in Figure 3 is the same as for Figure 2. 
The numerals 3 / and 4' indicate scanning mechanisms 
for the X-axis and Y-axis scanning mechanisms, respec- 
tively. Each scanning mechanism contains a piezo-elec- 
tric element. These can make mirrors 3a and 4a oscillate 
without changing the angles of the reflective surfaces. 
The X-axis beam scanning mechanism 3a oscillates in 
the X-axis direction, and the Y-axis beam scanning 
mechanism 4a oscillate in the Y-axis direction. By oscil- 
lating the mirrors 3a and 4a to change the deflection 
(reflection) positions due to the mirrors, the scanning sur- 
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face 6 can be entirely scanned just as in the previous 
embodiment. The driving part 23 Is set to send a control 
voltage to the piezo-electric elements of respective 
beam scanning mechanisms, thus achieving the same 
control as in the previous embodiment. 

Another way to deflect the laser beam may be by 
using the path of a guided wave, for example. 

The above embodiment illustrate a case where the 
scanning surface is two-dimensionally scanned. But, this 
invention can also be applied as a laser beam scanning 
apparatus in which only one optical deflector is used to 
one-dimensionally scan the scanning surface. 

Further, the results obtained in the above embodi- 
ments are exactly the same when the scanning surface 
and the beam detecting means are arranged in reverse. 

According to the embodiments described above, the 
respective element is set as illustrated above to obtain 
the information of the applied position of laser beam on 
the scanning surface, so that the information of the ap- 
plied position of the laser beam can be accurately ob- 
tained without suffering from the influences from distor- 
tion of the rotating shaft during high-speed rotation of the 
optical deflector. Further, there is no need for providing 
a sensor to detect the rotation angle on the optical de- 
flector. Also, the moment of inertia of the rotating portion 
can be decreased, and the deflection response is im- 
proved. In addition, because the signal output from the 
beam detecting means is proportional to the change in 
scanned distance for the object such as the scanning 
surface, the output signal does not have to be compen- 
sated. 



Claims 

1 . A beam scanning apparatus comprising: 

a) optical deflecting means (3a, 4a) for deflect- 
ing a light beam (2) so as to guide it to a prede- 
termined surface (6), 

b) scanning means (3, 4) for changing at least 
one of a deflecting angle and a deflecting posi- 
tion of said optical deflecting means (3a, 4a) so 
that the light beam (2) is two-dimensionally 
scanned on said predetermined surface (6), 
characterized by 

c) detecting means (5, 7) for detecting a 
two-dimensional scanning condition of the light 
beam (2) on said predetermined surface (6) by 
receiving the light beam (2) from said optical 
deflecting means (3a, 4a), and 

d) controlling means (21 , 22, 23) for correcting 
at least one of said deflection angle and said 
deflection position of said optical deflecting 
means (3a, 4a) on the basis of a detection result 
of said detecting means (5, 7). 

2. An apparatus according to claim 1 , wherein said 



scanning means (3, 4) changes the deflection angle 
of said optical deflecting means (3a, 4a). 

3. An apparatus according to claim 2, wherein said 
5 detecting means (5, 7) includes a beam splitter (5) 

disposed in the optical path between said optical 
deflecting means (3a, 4a) and said predetermined 
surface (6), and an optical detector (7) for detecting 
the beam (2b) split by said beam splitter (5) from the 
10 beam (2a) directed to said predetermined surface. 

4. An apparatus according to claim 3, wherein said 
optical detector (7) detects an incident position of the 
beam (2b) split by said beam splitter (5), and said 

is controlling means (21 , 22, 23) controls the change 
in said angle of deflection based on said detected 
incident position. 

5. An apparatus according to claim 4, wherein said 
20 optical detector (7) has a CCD area sensor. 

6. An apparatus according to claim 2, wherein said 
optical deflecting means (3a, 4a) has a first mirror 
(3a) and a second mirror (4a). 

26 

7. An apparatus according to claim 6, wherein said 
scanning means (3, 4) includes a first driving means 
(3) for rotating said first mirror (3a), and a second 
driving means (4) for rotating said second mirror 

30 (4a). 

a An apparatus according to claim 7, wherein the light 
beam (2) is scanned in a first direction on said pre- 
determined surface (6) by said first mirror (3a) being 
35 driven by said first driving means (3) and the light 
beam (2) is scanned in a second direction on said 
predetermined surface (6) by said second mirror 
(4a) being driven by said second driving means (4). 

40 9. An apparatus according to one of the preceding 
claims used in an image information writing appara- 
tus, wherein said optical deflecting means (3a, 4a) 
guides a light beam (2) to a surface of an object to 
be scanned for writing image information thereon. 

45 

10. An apparatus according to one of the preceding 
claims, wherein said predetermined surface (6) con- 
sists of a high-polymer liquid crystal for writing image 
information thereon. 

so 

11. An apparatus according to claim 6, wherein each of 
said first and said second mirrors (3a, 4a) are plane 
mirrors. 



PatentansprOche 

1 . Strahl-Abtastvorrichtung mit: 
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a) optischen Ablonkoinrichtungen (3a v 4a) zum 
Ablenken eines Lichtstrahls (2). so daB er zu 
einer vorfoastimmten Oberflache (6) gefOhrt 
wird, 

b) Abtastainrichtungan (3, 4), urn den Ablenk- 
winkel und/oder die Ablenkposition der opti- 
schen Ablenkeinrichtung (3a, 4a) go zu varan- 
dam, da3 der Lichtstrahl (2) zweidimensional 
auf der vorbestimmten Oberflache (6) abgeta- 
stet wird, 

gekennzelchnet durch 

c) Nachweiseinrichtungen (5, 7), urn eine zwei- 
dimensionale Abtastbedingungdes Lichtstrahls 
(2) auf der vorbestimmten Oberflache (6) durch 
Empfangen des Lichtstrahls (2) von der opti- 
schen Ablenkeinrichtung (3a, 4a) nachzuwei- 
sen, und 

d) Steuereinrichtungen (21, 22, 23), urn den 
Ablenkwinkel und/oder die Ablenkposition der 
optischen Ablenkeinrichtung (3a, 4a) auf der 
Grundlage eines Nachweisergebnisses der 
Nachweiseinrichtung (5, 7) zu korrigieren. 

2. Vbrrichtung nach Anspruch 1, wobei die Abtastein- 
richtung (3, 4) den Ablenkwinkel der optischen 
Ablenkeinrichtung (3a, 4a) andert. 

3. Vbrrichtung nach Anspruch 2, wobei die Nachweis- 
einrichtung (5, 7) einen Strahlteiler (5), der in dem 
optischen Weg zwischen der optischen Ablenkein- 
richtung (3a, 4a) und der vorbestimmten Oberflache 
(6) angeordnet ist, und einen optischen Detektor (7) 
zum Nachweisen des Strahls (2b), der durch den 
Strahlteiler (5) von dem auf die vorbestimmte Ober- 
flache gerichteten Strahl (2a) geteilt ist, enthalt 

4. Vbrrichtung nach Anspruch 3, wobei der optische 
Detektor (7) eine Einfallsposrtion des Strahls (2b), 
der durch den Strahlteiler (5) geteilt ist, nachweist 
und die Steuereinrichtung (21 , 22, 23) die Verande- 
rung des Ablenkwinkeis auf der Grundlage der 
nachgewiesenen Einfallsposition steuert. 

5. Vbrrichtung nach Anspruch 4, wobei der optische 
Detektor (7) einen CCD-Flachensensor hat. 

6. Vorrichtung nach Anspruch 2, wobei die optische 
Ablenkeinrichtung (3a, 4a) einen ersten Spiegel (3a) 
und einen zweiten Spiegel (4a) hat. 

7. Vbrrichtung nach Anspruch 6, wobei die Abtastein- 
richtung (3, 4) eine erste Antriebseinrichtung (3) 
zum Drehen des ersten Spiegets (3a) und eine 
zweite Antriebseinrichtung (4) zum Drehen des 
zweiten Spiegels (4a) umfaBt. 



a Vorrichtung nach Anspruch 7, wobei der Lichtstrahl 
(2) in einer ersten Richtung auf der vorbestimmten 
Oberflache (6) abgetastet wird, indem der erste 
Spiegel (3a) durch die erste Antriebseinrichtung (3) 
s betrieben wird, und der Lichtstrahl (2) in einer zwei- 
ten Richtung auf der vorbestimmten Oberflache (6) 
abgetastet wird, indem der zweite Spiegel (4a) 
durch die zweite Antriebseinrichtung (4) betrieben 
wird 

JO 

9. Vorrichtung nach einem der vorhergehenden 
AnsprOche, die in einer Vorrichtung zum Schreiben 
von Blldinformation verwendet wird, wobei die opti- 
sche Ablenkeinrichtung (3a, 4a) einen Lichtstrahl (2) 

is zu einer Objektoberf lache f Qhrt, die zum Schreiben 
von Bildinformation auf die Objektoberflache abzu- 
tasten ist. 

10. Vorrichtung nach einem der vorhergehenden 
20 AnsprOche, wobei die vorbestimmte Oberflache (6) 

aus einem hochporymeren FIQssigkristali zum 
Schreiben von Bildinformation auf die Oberflache 
besteht. 

26 11. Vorrichtung nach Anspruch 6, wobei sowohl der 
erste als auch der zweite Spiegel (3a, 4a) ebene 
Spiegel sind. 



30 Revindication* 

1 . Appareil de balayage a faisceau comprenant: 

a) des moyens de deviation optiques (3a, 4a) 
35 pour devier un faisceau lumineux (2), de 

maniere a le guider vers une surface (6) prede- 
termined, 

b) des moyens de balayage (3, 4) pour modifier 
40 . au moins run cfun angle de deviation et cf une 

position de deviation desdits moyens de devia- 
tion optique (3a, 4a), de maniere que le faisceau 
lumineux (2) sort en deux dimensions sur ladite 
surface (6) predelerminee 

45 

caracterise par 

c) des moyens de detection (5, 7) pour detecter 
un etat de balayage en deux dimensions du fais- 

so ceau lumineux (2) sur ladite surface (6) prede- 

termines a la reception du faisceau lumineux 
(2) a partir desdits moyens de deviation opti- 
ques (3a, 4a), et 

55 d) des moyens de commands (21 , 22, 23) pour 

corriger au moins I'un dudit angle de deviation 
et de ladite position de deviation desdits 
moyens de deviation optiques (3a, 4a), sur la 
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base cfun r6sultat de detection desdits moyens 
de detection (5, 7). 

2. Appareil selon la revendication 1, dans lequel ledit 
moyen de balayage (3, 4) modifie Tangle de devia- & 
tbn desdits moyens de deviation optiques (3a, 4a). 



mere, poury ecrire une information cfimages. 

11. Appareil selon la revendication 6, dans lequel cha- 
cun desdits premier et deuxieme miroirs (3a, 4a) est 
un miroir planaire. 



3. Appareil selon la revendication 2, dans lequel ledit 
moyen de detection (5, 7) comprend un diviseur de 
falsceau (5) dispose dans le chemin optique entre m> 
lesdits moyens de deviation optiques (3a, 4a) et 
ladite surface (6) pr6d6terminee, et un capteur opti- 
que (7) pour capter le falsceau (2b) divise par ledit 
diviseur de falsceau (5), a partir du faisceau (2a) 
dirige sur ladite surface pred6termin6e. 15 

4. Appareil selon la revendication 3, dans lequel ledit 
capteur optique (7) ddtecte une position inctdente 
du faisceau (2b) divise par ledit diviseur de faisceau 

(5), et ledit moyen de commande (21 . 22, 23) com- 20 
mandent la modification dudit angle de deviation sur 
la base de ladite position incidents detectee. 



5. Appareil selon la revendication 4, dans lequel ledit 
capteur optique (7) presente un capteur a zone & 
CCD. 

6. Appareil selon la revendication 2, dans lequel ledit 
moyen de deviation optique (3a, 4a) presente un 
premier miroir (3a) et un deuxieme miroir (4a). 30 

7. Appareil selon la revendication 6, dans lequel ledit 
moyen de balayage (3, 4) comprend un premier 
moyen cPentratnement (3) pour fairs tourner ledit 
premier miroir (3a) et un deuxieme moyen cfentrat- 35 
nement (4) pour faire tourner ledit deuxieme miroir 
(4a). 



8. Appareil selon la revendication 7, dans lequel le fais- 
ceau lumineux (2) est balaye dans une premiere 40 
direction sur ladite surface (6) prddeterminee, par 
ledit premier miroir (3a) entratne par ledit premier 
moyen (3), et le faisceau lumineux (2) est balaye 
dans une deuxieme direction sur ladite direction sur 
ladite surface (6) predetermined, par ledit deuxieme 45 
miroir (4a) entratne par ledit deuxieme moyen 
d'entraTnement (4). 



9. Appareil selon Tune des revendications prec6den- 
tes, utilise dans un appareil d'ecriture d'information 50 
d'images, dans lequel ledit moyen de deviation opti- 
que (3a, 4a) guide un faisceau lumineux (2) vers une 
surface cfun objet devant etre balaye, en vue cfy 
ecrire une information d'images. 

55 

10. Appareil selon Tune des revendications prec6den- 
tes, dans lequel ladite surface (6) predetermines 
consists en un cristal liquids a teneur 6lev6e en poly- 
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FIG. 2 
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